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a. Models. Three types of models are pertinent in the investigation of 
the environmental impact of deepening navigatjlon channels: 

(1) Hydrodynamic models which descr:lbe the velocity and salinity dis
tributions within the study area. 

(2) Water quality models which pred:lct physical characteristics and 
chemical constituent concentrations of the water at various locations within 
the study area. 

(3) Ecological models which predict the interactions between water 
quality and the aquatic community. 

b. Database. 
part of the database 
water quality models 
it is essential that 
adequate accuracy. 
be classified as: 

The information derived from hydrodynamic models forms 
for water quality and ecological models, and the data from 
form part of the database for ecological models. Hence, 
these foundation modeling activities be accomplished with 

The various models described require input data which may 

(1) Data that describe the initial state of the system. 

(2) Data that describe the "boundary conditions" of the system. 
These data include system geometry and the quantity and constituent concentra
tions of freshwater inflows. 

(3) Other data necessary for the calibration of the models, including 
a description of the hydrography of the study area. Because no model study can 
be more accurate than the information on which it is based, the importance of 
adequate field data cannot be overemphasized. 

R-2. Field Data. The first steps in any model study must be the specification 
of objectives; an assessment of the geophysical, chemical, and biological fac
tors involved; and collection of data essent:f.al to describe these factors. 
Assessment and data collection should include: 

a. Identification of freshwater inflo11r sources, including their average, 
range, and time distribution of flow. 

b. Assessment of the tides and currents that are anticipated within the 
region. 

c. Assessment of wind effects and othE~r geophysical phenomena that may 
be peculiar to the specific study. 

d. Identification of the sources of s1adimentation and of sediment types. 
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e. Identification of sources and the expected quantities and composition 
of industrial and municipal effluents, nonpoint contaminants, and tributary 
constituent concentrations. 

f. Identification of the aquatic community of the region and the chem
ical, physic~!, and biological factors which influence its behavior. 

g. Identification of the available hydrographic and other geometric data 
pertinent to preparation of the model. 

The purpose of the preliminary assessment of pertinent and available data is to 
provide a basis for the selection of the models needed and to provide a basis 
for planning field data acquisition programs. The most satisfactory procedure 
is to plan the numerical modeling and field data acquisition program together. 
If possible, the basic hydrodynamic model should be operational during the 
period in which field data are being obtained. One major reason for concurrent 
model simulation and data acquisition is that anomalies in field data fre
quently occur, and the numerical model may be used to identify and resolve 
them. 

R-3. Data Requirements. Data that are typically needed for hydrodynamic 
models include time history measurements of water surface elevations, veloci
ties, and salinities. In conjunction with the field data acquisition program 
and the projected numerical modeling activity, a program of data analysis must 
be undertaken. For the data analysis program to be as efficient as possible, 
the field data should be recorded on media that can be automatically read by 
the computer equipment used in processing. 

S-4. Data Analysis. 

a. Elements. Data analysis includes isolation of the astronomical tide 
from the tidal record and an identification of the constituents of the 
astronomical tide. The purpose of separating the astronomical tide from the 
observed tide is twofold: 

(1) This separation allows one to examine the residual and, by using 
statistical methods, to investigate the extent to which other geophysical phe
nomena, such as wind, influence the observed flow. 

(2) The astronomical tide is deterministic and may be used in syn
thesizing tidal records for extreme and unusual events or during periods for 
which tidal records are not available. 

b. Observations. Two observations need to be considered: 

(1) The astronomical tide is somewhat dependent on freshwater inflows 
into the study region, and the amplitude of the tidal constituents therefore 
tends to vary seasonally in many coastal areas. 

( 
\ 

(2) Past experience in the analysis of tidal data in conjunction with (\ 
model studies has shown that a minimum of about 30 days of record for tidal 
elevation, velocity, and salinity data is essential for satisfactory analysis. 
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a. General. Numerical models of hydrodynamic and water quality pro
cesses are said to be coupled if they are run simultaneously and interactively 
on a digital computer. If, conversely, the hydrodynamic model was run and the 
output from it used as input to the water quality model, the two models would 
be said to be uncoupled. in many instances it is more economical to run un
coupled models. Uncoupled models are unacceptable where thermal gradients or 
the concentration of dissolved or suspended material causes a large enough 
variation in the fluid density to substantially affect the flow. The various 
numerical models may be classified as one-, two-, or three-dimensional. The 
one-dimensional models treat the system by averaging over a succession of cross 
sections. One-dimensional models are well suited to geometric situations such 
as channels with relatively uniform cross-sectional shapes and center lines 
whose radius of curvature is relatively large compared with the width, provided 
the water density is uniform over the cross section. Two-dimensional models 
may be either depth or breadth averaged. Two-dimensional depth-averaged models 
are the type most commonly employed and are well suited to studies in areas 
such as shallow estuaries, where the water column is relatively well mixed. 
Breadth-averaged models are used in studies of relatively deep and narrow 
bodies of water with significant variation of density vertically through the 
water column. Three-dimensional models are relatively new and have been used 
in only a very limited number of practical studies. In general, two
dimensional models are substantially more expensive to run than one-dimensional 
models, and three-dimensional models are much more expensive than two
dimensional models. Hence, in situations where it is known that one of the 
simpler models will produce satisfactory results, the simpler model should be 
employed for economy. 

b. Two-Dimensional Depth-Averaged Models. Two-dimensional depth
averaged models are most commonly employed in the investigation of tidal flows 
in inlets, .bays, and estuaries. Two distinctly different formulations have 
been employed: finite difference and finite element. Models currently used at 
WES are mentioned briefly below. The finite difference model, WIFM (WES 
Implicit Flooding Model) evolved from early work by Leendertse (1967). The 
model and its application have been described at different stages of develop
ment by Butler (1979). The finite element flow model of Research Management 
Associates (RMA-2) (King and·Norton 1978) evolved from work by Norton et al. 
(1973) sponsored by Walla Walla District. The WES yersion of this model and a 
companion sediment transport model, STUDH, an.d their application to project 
studies have been described by McAnally et al. (1984). A user's manual 
(US Army Engineer Waterways Experiment Station 1984) for these finite element 
models and support programs (system called TABS-2) is nearing completion. Most 
existing finite difference models employ Cartesian coordinates which, even with 
variable grid spacing capabilities, may lead to undesirable approximations in 
schematization of complex study areas. Recent work by Johnson (1980) has 
resulted in a finite difference model (VAHM) for flow and transport which 
employs a generalized coordinate transformati.on technique called boundary
fitted coordinates to overcome this limitation. Development of this approach 

) is continuing. 

c. Two-Dimensional Breadth-Averaged Mo~. Breadth-averaged models are 
applicable in studies of relatively deep, narrow channels with small radii of 
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curvature in which lateral secondary currents of appreciable magnitude do not 
develop. Since fewer systems meet this criterion, work on models of this type 
has been more limited than on the depth-averaged models. However, work over 
the last few years has produced a useful model, LAEM (Laterally Averaged 
Estuarine Model) (Edinger and Buchak 1981). This model has been used to inves
tigate the effect of navigation channel deepening on salinity intrusion in the 
Lower Mississippi River. 

d. Three-Dimensional Models. Breadth- and depth-averaged two
dimensional models obviously lack the ability to predict secondary flows 
involving the plan that has been averaged. In some instances, these secondary 
currents may be appreciable and affect such things as salinity intrusion, sedi
ment transport, thermal distribution, and water quality. Leendertse et al. 
(1973) pioneered the development of one of the early three-dimensional models 
of an estuary. Leendertse's model employed Cartesian coordinates. A three
dimensional model that uses "stretched coordinates" in both the horizontal and 
vertical dimensions has been developed and was applied in preliminary studies 
of the Mississippi Sound (Sheng and Butler 1983). Research level three
dimensional versions of the finite element flow and sediment models have also 
been developed and are being evaluated (Ariathurai 1982 and King 1982). Im
provements in the efficiency of computational equipment and modeling technology 
are increasing the feasibility of applying three-dimensional models. Such 
models are, however, on the experimental frontier of what may reasonably be 
done with numerical models. ( 

B-6. Water Quality Models. 

a. General. Historically, the analysis of water quality has concen
trated on the dissolved oxygen (DO) and biochemical oxygen demand (BOD). The 
balance between DO and BOD concentrations was the result of two processes: the 
reaeration of the water column, and the consumption of DO in oxidation of BOD. 
Later emphasis has been on extending and refining the Streeter-Phelps formula
tion by using a more generalized mass balance approach and by the inclusion of 
additional processes such as benthic oxygen demand, benthic scour and deposi
tion, photosynthesis and respiration of aquatic plants, and nitrification. The 
more comprehensive water quality models have been developed to include the 
nitrogen and phosphorus cycle and the lower trophic levels of phytoplankton and 
zooplankton. A number of investigations have modeled the algal nutrient 
silica. Selected chemical constituents have been modeled by assuming thermo
dynamic equilibrium. The fate of toxicants such as pesticides, metals, and 
PCBs is very complicated involving adsorption-desorption reactions, floccula
tion, precipitation, sedimentation, and biological uptake. Examination of 
toxicants and their impact on biological populations requires ecological 
models. Selection of a water quality methodology requires consideration of the 
following: 

(1) Water quality constituents. 

(2) Dimensional and temporal resolution. 

(3) Data requirements. 
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b. Water Quality Constituents. The water quality constituents most fre
quently simulated include salinity, light, temperature, DO, BOD, coliform bac
teria, algae, nitrogen, and phosphorus~ Each of these constituents interacts 
with the others, but the significance of their dependencies varies among con
stituents, and their inclusion in a numerical water quality model depends upon 
the study objectives and the water body under ~~onsideration. The environmental 
impact analysis of most deep-draft navigation ]projects can use salinity and DO 
as indices of environmental change. 

(1) Salinity plays a dominant role in physicochemical phenomena such 
as focculation of suspended particulates, is used as a variable to define the 
habitat suitability for aquatic organisms, and is frequently employed as a con
servative tracer to calibrate mixing parameters. 

(2) Dissolved oxygen is a respiratory requirement for most organisms 
and is used as a measure of the "health" of aquatic systems. Dissolved oxygen 
can be used to evaluate the environmental sign:Lficance of stratification 
resulting from channel deepening and realignment. 

c. Dimensional and Temporal Resolution. In a numerical water quality 
model the choice is between a one-dimensional tnodel and one that incorporates 
two or three spatial dimensions. A long, narrow, and vertically well-mixed 
water body may be represented by a one-dimensional model consisting of a series 
of segments averaged over the cross section. Where there is pronounced verti
cal stratification, it is likely that a laterally averaged two-dimensional 
model will be needed. In other situations where there are marked lateral het
erogeneities in water quality but the water body is well mixed, a vertically 
averaged two-dimensional model is indicated. If significant lateral heteroge
neities are accompanied by pronounced stratification, a three-dimensional model 
may be required. Most existing water quality tnodels are one-dimensional. 
Practical applications of two-dimensional depth- and breadth-integrated models 
have been made and are feasible. Three-dimens:Lonal water quality models are 
presently research tools; data requirements fo1~ calibration and verification 
make them prohibitively expensive at present for practical application. The 
basis of all water quality models is a velocity field either specified by 
empirical measurements or computed by numerical hydrodynamic models. The cur
rent trend in hydrodynamic modeling is toward development of three-dimensional 
models with increased spatial and temporal resolution in order to resolve 
important scales and to minimize the need for parameterization. As a result, 
modern time-dependent hydrodynamic models normally have time steps on the order 
of minutes to one hour. The chemical and biological equations of water quality 
models have characteristic time scales determined by the kinetic rate coeffi
cients. These time scales are usually on the order of one to ten days. The 
phenomena of interest, such as depletion of DO and excessive plant growth, 
occur on time scales of days to several months. Direct coupling of hydrody
namic and water quality models provides potent:ial spatial and temporal resolu
tion that cannot be effectively interpreted. ~rhe reasons are that present 
field sampling programs resolve constituent concentrations on the order of a 
kilometer to tens of kilometers in the horizontal, meters in the vertical, and 
days to weeks in time. In addition, the kinetic rate coefficients presently 
used in water quality models resolve dynamics 10n the order of days to weeks. 
Direct coupling substantially increases the cost of computation. Direct cou
pling is necessary only for those constituents such as temperature, salinity, 
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and suspended particulates, whose contribution to density gradients may sub
stantially affect the flow. Uncoupling permits averaging of the hydrodynamic 
model output, which results in less costly water quality computations. 

B-7. Ecological Models. Ecological models include numerous biological species 
and emphasize food chain and species interactions. Ecological models are 
appropriate for addressing toxicants such as pesticides, metals, and PCBs and 
evaluating small incremental changes in nutrients, suspended particulates, and 
temperature. No general ecological model exists. Existing ecological models 
are site specific, dependent upon the local aquatic community, and specific to 
the toxicant of concern. The Environmental Laboratory at WES serves as a 
clearinghouse for Corps inquiries, and plans to become an active participant in 
ecological model application. 

B-8. Modeling Systems. In this appendix, consideration has been given to some 
of the more important aspects of numerical model selection and application. 
Hydrodynamic, water quality, and ecological models may not be considered as 
individual entities. As explained, the various models must be coupled, or the 
output of one model must be used as input to a subsequent model. If the appli
cable models are to be used efficiently and ec9nomically, the data transfer 
between the models must be considered and steps must be taken to ensure output
to-input compatibility. In modeling there are, in addition to the modeling 
itself, data to be collected, analyzed, and put into appropriate databases. 
Each of these activities requires substantial data processing, and the aggre
gate cost of these activities may far exceed the cost of the actual modeling 
exercise. Also associated with most studies are other requirements, such as 
reports, which lead to additional data processing for such activities as com
puter graphics. The development of the models and other programs requires a 
broad spectrum of technical talents, and the execution of a comprehensive study 
may require the interaction of several individuals. What is essential to an 
effective study is a comprehensive, integrated system of modeling and utility 
programs, which is documented to the extent that the system may be understood 
and used by the various individuals participating in the study. Such systems 
are beginning to emerge. The WES Hydraulics Laboratory has developed a system 
for Open Channel Flow and Sedimentation (TABS-2) which uses depth-averaged 
finite element models to predict hydrodynamics, salinity, and sediment trans
port. The WES Environmental Laboratory is incorporating mass transport equa
tions which include the chemical reaction terms in the two-dimensional, 
depth-averaged model WIFM (paragraph C-5), the transport portion of the 
boundary-fitted coordinate model VAHM (paragraph C-5), and the two-dimensional, 
breadth-averaged model LAEM (paragraph C-5). The emergence of such systems is 
a significant aspect of the advancement of numerical modeling. 
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a. Earlier sections of this EM discuss specific considerations which 
must be addressed to evaluate the impacts of deep-draft navigation channels on 
water quality and biological or ecological conditions. One of the tools that 
can be (and has been) applied to make the necessary predictions of these condi
tions is physical hydraulic modeling. This appendix gives a brief description 
of physical hydraulic modeling and its relati.on to other methods. It is in
tended to familiarize engineers and s~ientists with the use of this technique 
in preparing impact studies. The relative strengths and weaknesses are dis
cussed so that, depending on the specific sit:uation, physical hydraulic models 
might be effectively considered in a modeling strategy. The basis and methods 
used in physical modeling are also briefly described. 

b. For projects in which dependable, accurate results warrant the addi
tional expense, a physical model study is recommended. This approach is espe
cially recommended if the system is partially mixed or stratified in vertical 
salinity structure, or if it has a complicated geometry. Guidance for initiat
ing physical (hydraulic) model studies is given in ER 1110-1-8100, 
ER 1110-2-1403, and related ERs. Estuarine studies performed at WES usually 
take 18 to 48 months and cost roughly $20 per· square foot of model and 
$20,000 per month. 

C-2. Physical Hydraulic Models. 

a. Physical hydraulic models are scaled representations of a waterway 
area under study. Figure D-1 shows a physical model of New York Harbor. Nat
urally, models are at reduced scale; usually one foot (horizontal) in a model 
equals 500 to 1000 feet in the prototype (the actual waterway). Seawater 
supply, tide generators, and gaged freshwater inflows are appurtenances. The 
models are usually molded in concrete between closely spaced templates. 
Instrumentation is mounted on models or samples are drawn from them to measure 
such attributes as water surface elevation, current speed and direction, salin
ities, and tracer concentration. Tracers are often photographed to qualita
tively examine their behavior or patterns of flow. Hudson et al. (1979) give a 
more detailed description of physical hydraulic models. 

b. Boundaries and features of models should be planned carefully. A 
physical hydraulic model is designed and constructed to include the region of 
interest and other areas necessary so that boundary data or conditions can be 
satisfactorily applied. If the effects on assimilative capacity of the water
way are to be tested, effluent outfalls or diffusers are included in model 
design and construction. If all the modifications to be tested in the model 
are known at the time of model design, provie;ions can be made to make them 
quickly and less expensively. 
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a. Other methods for testing large-scale physical changes, such as deep
draft channels, include testing in the prototype, analytical techniques, and 
numerical modeling. Prototype tests and analytical techniques are rarely 
employed since they tend to be impractical due to their expense or difficulty 
due to uncontrollable conditions. Thus, only physical hydraulic and numerical 
models of estuaries will be compared herein. Physical hydraulic modeling of 
estuaries was first used in the last century and has increased steadily in this 
country since the 1930s. Numerical modeling in multiple spatial domains has 
been practiced only since the mid-1960s. Both methods are developing. Physi
cal hydraulic modeling has been refined by the use of automated model control 
and data acquisition, by advances in instrumentation, by postconstruction model 
evaluation, and by research on model mixing processes. 

b. Physical hydraulic models have beellt used to study the effects of 
channel deepening. The have been used successfully to predict tidal currents, 
circulation, riverflows, salinity distributions, waste effluent dispersion, and 
exchange rates of estuarine environments. These conditions are a result of a 
number of processes, many of which are three·-dimensional and nonlinear in char
acter. If these conditions are of central concern to a study, the physical 
modeling approach should be considered best. Physical hydraulic models are 
real and therefore offer the only means of representing the region of interest 
as a three-dimensional continuum whose resolution is limited only by the avail
ability of topographic data. Many of the physical processes responsible for 
variability in the estuarine environment can be represented in physical hydrau
lic models, including vertical density effects, which are important in most 
deep-draft studies. The strong points of physical hydraulic models when com
pared with numerical models are: 

(1) Several processes may be evaluated in one model. 

(2) Three-dimensional effects are :Lncluded. 

(3) Salinity can be best represented. 

(4) Long simulations are practicaL 

(5) Operating costs are lower in sc)me cases. 

c. The last two items are related. Numerical models can be run for long 
periods, but this can be costly and stability problems sometimes arise. How
ever, physical hydraulic models can also be c:ostly. Physical hydraulic models 
can be operated over multiple spring-to-neap tidal cycles or with long fresh
water inflow hydrographs. The importance of this capability will be discussed 
later. Physical models can include point source discharges and represent their 
behavior relatively near to this source. The major disadvantages of physical 
hydraulic models are their high initial cost and possible scale or scale
distortion effects on dispersive transport and bed shear stress. Construction 
and verification of physical models take time and are relatively expensive. To 
counteract scale effects, mixing is adjusted by distributing roughness or fric
tion, in some cases, by applying supplemental mixers. 
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d. Cost and speed of application are advantages of numerical modeling. 
However, since both methods require that basically the same field data be col
lected, time might not be an advantage. Most numerical models are averaged 
in one or more dimensions and solve equations that are simplified by parameter
izing mixing and dispersion processes into coefficients. These coefficients 
are generally unknown and change in space and time. The numerical modeler must 
attempt to match these coefficients to processes that are known to be scale 
dependent. Numerical models generally overestimate near-field or small-scale 
dispersion. · 

e. With the exception of salt concentration, the attributes and pro
cesses represented in physical hydraulic models are·physical, not biological or 
chemical. Therefore, many complex chemical and biological systems that may be 
of interest in estuaries may not be represented in physical models. In many 
cases, physical processes dominate these conditions and deserve priority con
sideration. The strength of the physical modeling approach is in the represen
tation of these processes. The strong points of the numerical approach are the 
ability to represent large numbers of nonconservative constituents, either 
chemical or biological, and to more accurately model sedimentation processes. 

C-4. Modeling Practice. 

a. Similitude. 

(1) Similarity between the physical hydraulic model m and the pro
totype p must be defined so that every point in time, space, and process can 
be uniquely coordinated. This is done by introducing scaling laws based on the 
Froude number equality: 

2 (velocity) /(gravitational acceleration x depth) (p = m) 

and is extended by dimensional analysis of equations that apply to both the 
model and the prototype. A distortion can exist if two variables or parameters 
representing the same physical property are sufficiently independent so that 
they can be given different scale ratios. Physical hydraulic models of estu
aries are almost always distorted in length scale such that the horizontal 
scale Lx and the vertical scale Lz are not equal. This is done to reduce 
scale effects, maintain turbulent flow in the model, and minimize model con
struction costs. Scale ratios p/m for some of the attributes of interest 
are: 

time 
Lx --y'Lz 

horizontal velocity • Lz 112 

Lz3/2 
vertical velocity • ~L~x--

horizontal diffusion and dispersion • Lz
112

Lx 
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vertical diffusion • --rx-

(Salinity/density ratios are generally taken as unity.) 
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(2) It may not be possible to satbfy all the similarity scaling 
laws, in which case other ratios are defined to describe the expected deviation 
in model behavior. Point source discharges, such as from outfalls and diffu
sers, are specially scaled in models to maintain turbulence and achieve simi
larity in near-field behavior. 

b. Model Verification. The first step after model construction is model 
calibration and verification. Extensive prototype data collection and analysis 
programs are required to provide the information necessary for calibration or 
adjustment of the model. Such data should cover the range of boundary data 
that will be used in the testing program, as far as possible. Usually tide 
heights are adjusted first, followed by currE!nts and salinity. During the ver
ification period, model-to-prototype comparisons are made. Model repeatability 
is normally addressed at this point in the mc,deling program, which checks the 
assumption that the behavior of the system dE!pends uniquely on the boundary 
data imposed. Small-scale mixing processes that depend on turbulence are prob
abilistic and will not repeat exactly. 

c. Test Procedures. 

( 1) After the ve.rification phase is complete, model base (no modifi
cation) and plan (modifications installed) tests are performed. Boundary data 
and sampling locations are selected based on some frequency of occurrence and 
on expected gradients, respectively. Test data routinely include water surface 
elevations, currents, and salinities and might also include effluent, sediment, 
or dye tracer concentrations, depending on the conditions being tested. Veloc
ities, salinities, and tracer concentrations can be subjected to statistical 
analysis to determine the relative contributi.ons of circulation and gradient 
diffusion on mixing. Tracer concentrations c:an also be used to estimate ex
change rates, purging rates, or shoaling rates. If necessary, effluent concen
trations can be analytically corrected for decay processes. In general, base 
tests provide an opportunity to observe model behavior and elucidate or iden
tify patterns in this behavior, often leading to a better understanding of the 
dominant processes in the prototype. Plan tests then provide a measure of the 
impacts of the modification on the conditions of interest and the desirability 
of this impact. 

(2) Selecting boundary data and their variability requires some con
sideration. Constant boundary data, such as a steady inflow and repetitive 
diurnal or semidiurnal tide, result in conditions varying with the tidal fre
quency. Data collection is simplified because it can be moved from station to 
station and observations will be comparable (quasisynoptic). Variable boundary 
data might consist of a spring-to-neap varying tide. This makes synoptic data 
collection more difficult. If the inflow is steady, successive neap-to-spring 
cycles can be sampled at different stations. If .the inflow varies, a slack
water sampling scheme may be indicated. Despite these sampling problems, the 
variation from spring-to-neap tide causes important effects on salinity 
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distributions and circulations in some estuaries not observable using constant 
boundary data. It is recommended that spring-to-neap tidal cycles be incor
porated into at least some phase of model testing. 
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Absorption: The taking up of matter in bulk by other matter, as in the dis
solving of a gas by a liquid. 

Adsorption: The adherence of substances t() the surfaces of bodies with which 
they are in contact, but not in chemical cc,mbination. 

Advection: The process of transport of wat:er, or of an aqueous property, 
solely by the mass motion of the fluid, typically via horizontal currents. 

Aerobic: Requiring or existing in the pre~1ence of oxygen. 

Agitation dredging: The removal of bottom material from a selected area by 
using equipment to raise it temporarily in the water column and allow water 
currents to carry the material away. 

Anadromous: Those fish, such as salmon; st:eelhead, and shad, that ascend 
freshwater streams to spawn. 

Anaerobic: Existing in the absence of oxygen; as opposed to aerobic. 

Aquifer: Subsurface geological stratum containing water. 

Bathymetry (bathymetric): The measurement of ocean depths in order to deter
mine seafloor topography. 

Beach nourishment: The process of repleni~1hing a beach; use of sand to 
increase or improve beach area. 

Bedforms: Ripples, waves, dunes, and related forms that develop under various 
flow conditions on the beds of alluvial streams with significant bedload 
transport. 

Bedload: Sediment, usually sand size or larger, that is transported along the 
bed by rolling, skipping, dragging, or saltation. 

Benthic macroinvertebrates: Large invertebrates found on or within bottom 
sediments and consisting largely of larval insects, worms, and related 
organisms. 

Benthic organisms: Bottom-dwelling aquatic: organisms. 

Bioaccumulation: The uptake and incorpora1:ion of material into an organism as 
a result of its normal physiological processes. 

Bioassay: Determination of the physiologic:al effect of a substance by observ
ing its effects on suitable living organisms under controlled conditions. 
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Biological magnification: Increasing concentration of relatively stable chemi
cals as they are passed up a food chain from initial consumers to top 
predators. 

Biota: Organisms inhabiting an ecosystem. 

Brackish: Moderately saline. 

Braided channel: A channel pattern characterized by numerous intertwined 
channelways. 

Breakwater: A structure built into the sea to protect a shore area, harbor, 
anchorage, or basin from the action of the waves. 

Circulation: The flow or motion of fluid in or through a given area or volume. 

Climax community: A mature, relatively stable biotic community representing 
the culmination of ecological succession. 

Community: All of the populations of plants and animals in an area or volume; 
a complex association usually containing both animals and plants. 

Controlling depth: Actual minimum depth of a waterway at its shallowest point. 

Design vessel: A hypothetical vessel which has characteristics of the largest 
and least maneuverable vessels that a project is designed to accommodate. 

Diatom: The common name for silicon-containing algae. 

Dispersion: The scattering of particles or a cloud of contaminants or foreign 
matter by the combined effects of shear and transverse diffusion. 

Ebb tide: The portion of the tide cycle between high water and the following 
low water. Also known as a falling tide, with seaward currents. 

Ecosystem: A community and its environment (living and nonliving) considered 
collectively the fundamental unit in ecology. May be quite small, as the eco
system of one-celled plants in a drop of water, or indefinitely large, as in 
the grassland ecosystem. 

EIS (Environmental Impact Statement): A statement required under NEPA which 
assesses the ecological, social, and aesthetic effects of a project or action 
upon the environment. Included in such a statement is a quantified assessment 
of the area before the project or action, a quantified assessment of the im
pacts anticipated from the action, a review of feasible alternatives to the 
action, a discussion of mitigating measures, a discussion of the short-term 
benefits versus long-term effects, and a discussion of those resources irre
trievably lost by such action. 

Epifauna: Surface-dwelling aquatic organisms. 
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Estuary: A semienclosed coastal body of water that has a free connection with 
the open sea and within which seawater is measurably diluted with fresh water. 
Part of the river affected by tides; region of the river mouth where the fresh 
water of the river meets the saltwater of the sea. 

Euphotic: Of or constituting the upper levels of the marine environment down 
to the limits of effective light penetration for photosynthesis. 

Eutrophication: The process of a body of water becoming better nourished 
either naturally by processes of maturation or artificially by fertilization. 
Nutrient concentration and primary production tend to increase as eutrophica
tion proceeds. 

Extrapolation: Estimating a function at a point which is larger than (or 
smaller than) all the points at which the value of the function is known. 

Flood tide: The portion of the tidal cycle between low water and the next high 
water; the highest tidal elevation; a rising tide. 

Food chain: Animals linked together by predator-prey relationships and all 
dependent, in the long run, on plants. 

Habitat: The physical location in which a population of plants or animals 
lives. 

Hermatypic: Reef-building coral characterized by the presence of symbiotic 
algae within their endodermal tissue. 

Hydrodynamics: The branch of physics dealing with the movements of water and 
other liquids. 

Ice booms: Devices to restrict the movement of ice· at critical waterway sites. 

Infauna: Aquatic animals that live in the bottom sediment of a body of water. 

Interpolation: A process used to estimate an intermediate value of one (depen
dent) variable which is a function of a second (independent) variable when 
values of the dependent variable corresponding to several discrete values of 
the independent variable 'are known. 

Isobath: A contour line connecting points of equal water depths on a chart. 

Jetty: A barrier built out from a seashore or riverbank to protect the land 
from erosion and sand movements, among other functions. Also known as groin, 
groyne, spurdike, and wing dam. 

Kinetic rate coefficient: A temperature-dependent variable that relates the 
concentrations of chemical compounds which are involved in a reaction. 

Leaching: The removal of materials from a solid medium due to erosion or dis
solution occurring because of the passage of water or other fluid through the 
medium. 
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Lentic: Of or pertaining to still waters, i.e., lakes. 

Limnetic: Of, pertaining to, or inhabiting the pelagic region of a body of 
fresh water. 

Littoral zone: Shallow-water area between the high- and low-water extremes. 

Lotic: Of or pertaining to swiftly moving waters. 

Low-flow augmentation: The release of water to increase flow in low-flow per
iods. 

Minimum flow requirements: ·Lowest legal or traditional flows specified for a 
waterway. 

Neap tide: Tide of decreased range occurring about every two weeks when the 
moon is in quadrature, that is, during its first and last quarter. Also known 
as neaps. 

Nekton: Free-swimming organisms of open water, large and strong enough to be 
independent of turbulent water movement (fish). 

NEPA (National Environmental Policy Act): A Federal policy enacted in 1969 and 
calling for an impact analysis of many major Federally funded actions which 
significantly affect the quality of man's environment. 

Neritic: Of or pertaining to the region of shallow water adjoining the sea
coast and extending from low-tide mark to a depth of about 600 feet. 

Neuston: Minute organisms that float or swim on the water surface. 

Nitrification: A step in the nitrogen cycle technically involving oxidation of 
nitrogen, e.g. NH3 from ammonia to nitrates (N03). Soil-dwelling (chemosyn
thetic) bacteria nitrify ammonia in two steps to nitrite (N02) and to 
nitrate (N0

3
), in which form it is most available to plants. Chemical reduc

tion of nitrogen, as to N2, is denitrification. 

Oxidation: A chemical reaction that increases the oxygen content of a compound 
that, hence, loses electrons. 

Pelagic organisms: Midwater aquatic organisms, i.e., ones that never touch the 
bottom strata. 

Periphytic: Pertaining to sessile biotal components of freshwater ecosystems. 

Photosynthesis: Synthesis of reduced compounds using light energy, especially 
the manufacture of organic compounds (primarily carbohydrates) from carbon 
dioxide and a hydrogen source (such as water) with simultaneous liberation of 
oxygen by chlorophyll-containing plant cells. 

Phytoplankton: Planktonic plant life. 
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Plankton: Small organisms (animals, plants, or microbes) passively floating in 
water; macroplankton are relatively large (1.0 mm to 1.0 em); mesoplankton are 
of intermediate size; microplankton are much smaller. 

Population: A group of organisms of the same species. 

Pseudofeces: Coarse particles that accumulate at the edges of the palps of 
filter-feeding bivalve animals and are periodically thrown off by muscular 
twitches onto the mantle wall. This material never enters the gut and is 
expelled from the bivalve by spasmodic contractions of the adductor muscles. 

RCRA: Resour~e Conservation and Recovery Act. 

Reduction: A chemical reaction that decreases the oxygen content of a compound 
and, hence, that compound gains electrons. 

Regression: A functional relationship between two or more variables that is 
often empirically determined from data anci is used to predict values of one 
variable when given values of the others. 

Revetment: A facing built on an embankment to prevent scour by weather or 
water. 

Salmonid or salminoid: Collective term r1aferring to salmon, trout, grayling, 
or white fish. All of these species pref1!r coldwater environments. 

Saltation: Movement of sediment along a c:hannel bed by intermittent bouncing. 

Sediment basin: A basin constructed to trap sediment eroded from a slope or 
being transported by a stream •. 

Sessile: Permanently attached to the sub1~trate. 

Shear stress: Stress imposed on the streambed and banks by flowing water. 

Shoaling: The reduction of water depth due to sediment deposition. 

Similitude: Correspondence between the btahavior of a model and its prototype. 

Spring tide: Tide of increased range that occurs about every two weeks when 
the moon is new or full. 

Stratification: In a body of water, layering of less dense water over underly
ing more dense water. Usually caused by 1salinity or temperature differences. 

Substrate: Surface to which stream biota ·adhere or within which they live. 

Suspended load: That portion of a stream's sediment load that is carried in 
suspension. 

Thalweg: A line connecting the deepest points along a channel. 

Trophic: Pertaining to, or functioning illl, nutrition. 
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Turning basin: An open area along or at the end of a waterway or harbor to 
allow vessels to turn around. 

Water quality: An assessment of the condition of water in relation to some 
goal. 

Water quality criteria: Statements concerning the limiting values for water 
quality parameters in light of a specific intended water use. 
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